bacterial suspensions which was titrated in twofold steps in phosphate-buffered saline was incubated with a 25-pul portion of a 0.25% erythrocyte suspension in 1% gelatin for 30 min at 37°C and stored at 4°C for 16 h. The endpoint was defined as the last dilution showing complete agglutination. Titers were expressed as reciprocals of endpoint dilutions. Titrations were carried out in duplicate, and the results were reproducible within one well.
Hemagglutination activity for human erythrocytes was determined with 45 strains of C. pylori and 18 strains of C. jejuni suspended in phosphate-buffered saline at a concentration of approximately 5 x 108 cells per ml. All the C. pylori strains tested had hemagglutination activity, and the hemagglutination titers were 1, 16, and 128 for the lowest, the average, and the highest values, respectively. On the other hand, only half of the C. jejuni strains showed slight hemagglutination, with the highest titer being 8 pletely. Essentially the same results were obtained for the agglutination of sheep erythrocytes.
To determine whether the heat-sensitive factors were also trypsin sensitive, bacteria were first treated with heat and then with trypsin. The hemagglutination titer to guinea pig erythrocytes decreased to 12.5% with incubation at 100°C for 30 min, and the titer decreased further to 6% after incubation with either 50, 250, or 500 ,ug of trypsin per ml. Alkylation of C. pylori with formaldehyde at 37°C also affected the hemagglutination activity ( Table 2) .
Previous studies have demonstrated that bacteria adhere to the surface of epithelial cells and that erythrocytes can be blocked by the compounds which mimic the receptors concerned (4, 5, 8, 11, 12, 16. 20) . To detect specific inhibitors for C. pylori hemagglutination, the bacteria were preincubated with various compounds at 37°C for 30 min. None of the following compounds showed inhibitory effects on the agglutination of sheep and guinea pig erythrocytes: 250 mM D-mannose, 100 mM methyl-a-D-mannopyranoside, 100 mM L-fucose, 100 mM N-acetyl-D-galactosamine, 100 mM N-acetyl-D-glucosamine, 10 mM p-nitrophenyl-,3-D-galactopyranoside, 1 mM p-nitrophenol, 1 mM 4-methylumbelliferone, 100 mM L-arginine, 100 mM L-serine, 5 mM CaCl2, 5 mM EDTA, and 20 mg of bovine serum albumin per ml. In contrast, porcine gastric mucin (Nacalai Tesque Inc., Kyoto, Japan) showed a strong inhibitory effect, while bovine submaxillary mucin (type I-S; Sigma) showed a slight inhibition (Table 3) . When the bacteria were heat treated, the residual activity was not affected by gastric or submaxillary mucin. These results suggest that gastric mucin has some role in the process of colonization by C. pylori on gastric epithelial-cell surfaces.
Neuraminidase treatment of erythrocytes is reported to abolish hemagglutination of certain strains of uropathogenic Escherichia coli (12) . Incubation of sheep or guinea pig erythrocytes (10%, vol/vol) with Clostridium perfringens neuraminidase (5 U/ml; type V; Sigma) or trypsin (10 mg/ml) at 37°C for 60 min did not affect the hemagglutination activity of C. pylori.
The structure of the cells of C. pylori was examined by transmission electron microscopy after uranyl acetate staining and chromium shadowing. Several sheathed flagella (7) were seen at the end of the organism, but other filamentous structures such as pili or fimbriae were not observed. Therefore, a surface-associated molecule, possibly a protein, appears to be involved in the hemagglutination. Perez-Perez and Blaser showed common proteins in whole-cell and outer membrane preparations of C. pylori (13) . Analysis of such proteins in relation to hemagglutination activity should be useful for characterization of adhesin molecules of C. pylori.
